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SUMMARY

An investigation of the effectiveness of a wing equipped with large-
chord plain fleps and suxiliary vanes in rotating the thrust vector of
two large-diameter propellers through the large angles required for ver-
tical take-off and low-speed flight has been conducted in the Langley
300 MPH 7~ by 1lO0-foot tunnel. The semispan model used was equlpped with
a 60-percent-chord flap, a 30-percent-chord flap, and two large-diameter
overlaspping propellers.

Under static-thrust conditions, & maximum upward rotatlion of the
effective thrust vector of 450 was obtained with the 60-percent-chord
flap deflected 300 and the 30-percent-chord flap deflected 50°. With
the addition of two auxlliary vanes, the upward deflectlon of the thrust
vector was increased to 67°. With this configuretion, vertical teke-off
could be made with a take-off asttitude of 23° and at airplane weights up
to 95 percent of the thrust. A method is presented for calculating the
1if% due to flap deflection and slipstream for small flep deflections
if the 1ift due to flap deflection at zero thrust and the 1ift due to
flap deflection at zero forward speed are known.

INTRODUCTION

The practical utilization of the helicopter has indicated the use-
fulness of aircraft that are capable of operating from very small bases.
The advantages to be gained with aircraft that incorporate the small-
field capabilities of the hélicopter and the high-speed potential of
conventionael airplanes are readily apparent. Numerous designs have been
proposed for achieving these advantages. If 1ift is to be produced, it
is necessary to give a mass of air per unit time & downward velocity.
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The helicopter uses & large rotor to deflect a large mass of air per unit
time downward at a relatively low velocity; however, the consequence of
having the rotor axis approximately perpendicular to the flight path
seriously limits the high-speed potential of the helicopter.

Reference 1 reports satisfactory fllght tests of a configuration
with which hovering and vertical lendings and take-offs were made possible
by turning the slipstream of relatively large-diameter propeliers down-
ward by meens of a cascade of vanes. The configuration was designed
solely to demonstrate the feasibility of this approach and to study the
stability and control problems in hovering and in verticel teke-off and
landing. No provision was made for forward flight.

The present investigatlon was underteken to determine the effective-
ness of a monoplane wing equipped with plain flaps for deflecting the
slipstream through large angles and thereby providing appreciable 1lift
at low forward speeds. The effectiveness of suxiliary vanes, in combina-
tion with the plain flaps, in deflection of the slipstream through the
large turning angles required for vertical take-off was also investigated.

COEFFICIENTS AND SYMBOLS

When a wing is located in the slipstream of a propeller, large forces
and moments can be produced even K though the free-stream velocity decreases
to zero. TFor this condltion, coefflcients based on the free-stream dynasmic
pressure spproach infinity and therefore become meaningless. It appears
appropriate, therefore, to base the coefficlents on the dynemic pressure
in the slipstream. The coefficlents based on thie principle are indicated
in the present peper by the use of a double prime and are defined in this
section. The positive sense of the forces, moments, and angles determined
for the static-thrust tests is shown 1n figure 1. For the tests at for-
ward speeds, the usual convention for forces was used; that is, the 1ift
and longitudinal force were taken perpendicular and parailel, respectively,
to the free streanm.

01, 1ift coefficient based on free-stream dynamic pressure, -é?g
o
cy" 1ift coefficlent, —ite - -
qa"s/2
Cp" pitching-moment coefficient, Pitching/moment
"t
q os/2

Propeller piltching moment

Cr. propeller pitching-moment coefficient,
P : . q"sT

~
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Propeller normal force

CNP propellier normal-force coefficient, -
as
Cy" longitudinal-force coefficient, iongitudinal force
' q"s/2
Te" thrust coefficient, w——tme—
n T 2
q =D
4
A aspect ratio
b wing spen, ft; also, propeller blade chord, ft
c wing chord, ft
5 b/2
[ mean aerodynamic chord, 3 f cady, t
0
a slipstream dlameter at leading edge of wing, ft
D propeller diameter, ft
h propeller-blade thickness, £t
L 1ifs, 1b
N nunber of propellers
. ov2
o] free-stream dynemic pressure, 5 lb/sq_ £t
q" dynamic pressure in slipstream, q + _':E_, 1b/sq ft
T p2
L
r radius to propeller blade element, ft

R radius to propeller tip, £t
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S twice semispan-wing sesrea, sq ft

T thrust per propeller, 1b

v free-stream velocity, ft/sec

Fa\'j increment of velocity in slipstream due to thrust

W airplane weight, 1b.

y spanwise distance from wing root

a angle of attack, deg

B propeller-blade angle, deg

5.753 propeller-blaede angle at 0.75 radius, deg

&e flap deflection, deg

e inclination of resultant force vector at zero forward speed,
arc tan —L;, deg

€ downwash angle without slipstream, deg

e" ‘downwash angle at any value of T.", deg

o mess density of air, slugs/cu £t

Subscripts: .

30 *Q-percent-chord flap

60 60-percent-chord flap

a=0 at zero angle of attack

P for forces and moments acting on propeller

T." at any value of T,"

in miles per hour
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MODEL AND APPARATUS

The semispen wing used in this investigetion had an aspect ratio
of 4.55, a taper ratio of 0.714, and an NACA 0015 airfoil section. A
drawing of the model is presented in figure 2 and photographs of the
model are shown in figures 3 and 4. The geometric characteristics of
the model are given in the following table:

Wing:
Area (semispan), 8@ £t « « « ¢ + ¢ ¢« ¢ 4« ¢ 4 e e e e 0 . . 5.125
Semispan, FH « « « « « ¢ 4 4 4 4 4 4 e e e e e e e e e .. 3.416
Mean serodynamic chord, £t . . . . . .« « ¢ . . o . . . .. 1.514
Root chord, £ . ¢« ¢ « ¢« ¢« v ¢ ¢ o ¢ o o o s o o o+ o s s 1.75
Tip chord, £t . « « ¢ ¢« ¢ ¢ ¢ v o o o 4 v e e e e s e e s 1.25
Arfoil section .« ¢« ¢« ¢ 4 4 4 i« 4 4 . . e « o « o « « » NACA Q015
Aspect TABIO « ¢ 4 ¢ 4 4 v 4 e e e e e e e e e e e e e e k.55
Taper TBEIO « & « & ¢ & ¢+ 4 4 o e e e e e e e e e e e 0.71L

Propellers:
Diameter, ££ « « « ¢ ¢ v ¢ o v 4 ¢ 4t 4 4 e e e e e e e 2.0
Disk area, 8@ £H « &+ « o + o« o o o ¢« o o o o o o s o4 e e 3.1h
Nacelle diameter, £t . . . . « ¢« ¢« ¢« v ¢ ¢ ¢ ¢ o 4 0 o e 0.33

The wing was constructed of mahogany supported by a steel spar and
was equipped with plain flaps of 60 and 30 percent chord supported by
two internal hinge brackets. The Jjuncture between wing and flap was
gealed and faired with aluminum cover plates and cellulose tape.

For some tests, two suxiliary venes were used in addition to the
flaps. The auxiliary-vane configuration is shown In figure 5. The vanes
were made of l/8-inch sheet steel rolled into a 90° arc to a radius of
15 percent of the chord.

The geometric characteristics of the three-blade propellers are
given in figure 6. The blades were constructed of aluminum selloy and
utilized Clark Y sections. The propellers were driven by varisble-
frequency electric motors that were rated at 20 horsepower at 18,000 rpm.
The large propeller dismeter prevented use of this high rotational speed,
and during tests the propeller speed seldom exceeded 6,000 rpm. The rota-
tional speed was determined by observing a stroboscopic-type instrument
that indicated the output frequency of a small alternator connected to
the motor shaft. The outboard propveller rotated clockwise and the Inboard
propeller rotated counterclockwise. The wing was tested as a right-hand

wing.

The motors were mounted inside the sluminum-alloy nacelles through
strain-gage beams so that the thrust, torque, 1ift, and pitchlng moment
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of the propeller and spinner could be measured. The total forces and
moments of the configuration were measured on a balance system at the
root of the semispan wing.

TESTS

The investigation used two different experimental setups and included
tests with both propellers operating. A few tests were also made with
only the inboard propeller operating. The tests at zero forwaerd speed
were conducted in one end of a large storage room as shown in figures L
and T. The model was first set up with the propeller sllpstream directed
down the long axis of the room toward the far end with the flaps set at
zero. With this arrengement, a substantisl positive pltching moment was
indicated on each propeller. Reversing the orientation of the model to
that shown in figure 7 appreclably reduced the indicated propeller pltching
moment. This pitching moment was believed to be due to some asymmetrical
inflow to the propellers caused by the recirculatlon of air in the room
and obstructions caused by miscellaneous equipment stored in the room.
This recirculation had no noticeable éffect on the forces existing on the
complete semispan model.

The tests with forward veloclty were conducted with the semispan
model mounted from the ceiling of the Langley 300 MPH 7- by 10-foot tunnel
ag shown in figure 3. For these tests the shaft thrust of the propellers
was held constant throughout the angle-of-attack range and was chosen to
give a dynamic pressure of 8 pounds per square foot in the slipstream at
zero angle of attack. The corresponding thrust and free-stream dynamic
pressures and propeller blade angles for various thrust coefficlents are
tabulated below:

w | V4oV, | v, a", s B.7T5R
Te" |ft/sec |ft/sec |1b/sq £t {1b/sq £t |12 P ;(Zg’
0 82 82.0 8 8.00 0 Off

.2 T3.2 6.40 5.03 20
5 57 .9 .00 12.5 8
71 kL .2 2.32 17.6 8
91 24 .6 .72 22.6 8
1.00 0 0 25 8

The Reynolds number in the slipstream, based on the mean aerodynamic

chord of 1.51k ft; is 0.8 x 100.
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In order to minimize the time required for the tests, the operating
conditions were chosen so that only two propeller blade-angle settings
were required. A blade angle of & was found to be satisfactory for
thrust coefficients of 0.91, 0.71, and 0.50 and & blade angle of 20° was
used for the thrust coefficient of 0.20.

CORRECTIONS

Approximate corrections for the effects of the tunnel walls on the
veloclty in the tunnel and in the slipstream were derived and sre pre-
sented in reference 2. These corrections were applied to the results
presented in the present paper. :

The Jet-boundsry corrections which were applied to the angle of
attack and the longltudinal force were estimasted by the method of refer-
ence 3. The followlng corrections were aspplied to the datat

& = “mee.swed +0 ’50014"(,1,‘:"___0)%
17 143 2 q
% = Cx messured. 0'008[§£ (Tc"=0£} E?

The correction to the pitching moment was estimated and was found
to be negligible.

These correctlions are strictly epplicable only in the low angle-of-
attack range; however, they have been applied throughout the entire anglie-
of-attack range. The 1lift coefficient for the power-off conditlon was
used in correcting all data.

Corrections to the free-stream dynamic pressure for the effects of
the model blockage have not been applied in reducing the data. These
corrections are negligible in the low angle-of-attack range but become
of incressing importence as the drag increases at the higher angles of
attack and higher flaep deflections. The correction can be estimasted by
the method of reference 4 and applied as follows:

0.036 . t
dcorrected = measured|l t T _o" <Cx' - Tc" cos N(0-6l3))
c
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REDUCTION OF DATA

The dsta obtained in this investigation would be applicable to the
type of flight operation illustrated in figure 8. A flight of this type
involves zero forward speed for teke-off and landing, where the generated
1lift is obtaeined from the thrust of the propellers. In this flight con-
dition, the use of free-stream dynamic pressure in reducing the data to
coefficlent form would result in extremely high coefficients as the free-
stream dynamic pressure is reduced to low values. At zero forward speed,
the coefficients would always be infinite and therefore meaningless. For
the condition in which the wing is largely immersed in the slipstream of
& propeller, the forces would be expected to be largely determined by the
dynamic pressure in the slipstream. It appears appropriate, therefore,
to base the coefficients on the dynamic pressure in the slipstream. With
this system the coefficlents approach their normsl value as the speed is
increased and also have a finite value at zero forward speed. The thrust
coefficient Tc" approaches zero as the speed is increased and is equal
to unity at zero forward speed.

The dynamic pressure in the slipstream cen be computed from the
propeller thrust by the simple momentum theory as follows:

Vo=

where M? is the mass flow through the propeller and AVq=0 1is the

increment of velocity due to thrust at a great distance behind the pro-
peller at zero angle of attack. The terms can be rearranged as follows:

MNVg=0)? -
ﬂ.+VAVm=O- T~ 0
2 14 p2

°¥

Solving by the quadratic equation yields

T

Ngo= Vi, V+2
p Lp
Qdmm=o + V)2 =V 42
p X2
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T
q"a=o =q+ ' (1)

X pe

L
By definition,

7" = T

qn X D2
L

v I
(Y " A;>a=0 = \J1 - T¢ (3)

(g) - Vi - 7" ()
=0

v
. 1 - Te"

The above relations have been derived for an angle of attack of 0° but
have been applied to the data through the angle-of-attack range.

RESULTS AND DISCUSSION

The results of the investigation are presented in the following
figures: ’

Figures
Static thrust conditions:

Plain-flap configurations i . « « « ¢« ¢« &+ ¢« « ¢ v = « & = « « & 9=10
Auxiliary-vene configuration . . . . . ¢« ¢« . o . o0 .. . . . 11-12
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Figures
Tests with forward speed: )
Two propellers operating
30-percent-chord £1ap « « « « « « ¢ + + s 4 4 e 4 e 4 e . . . 13218
30- and 60-percent-chord flsps . . e e e e . . 19-22
Inboard propeller operating (30-percent-chord flap) e e e .. 23226
Effect of flap deflection and thrust coefficlent on
1iPt characteriBtiCB o « « + « o ¢ o v ¢ 4 4 0 e« 0 0 . . . 2728
Propeller characteristics . . . ¢ ¢« ¢« «:v v ¢« v v v 4 e e o . . 20231
Performance estimates . « « « ¢« & ¢« v ¢« & 4« 4 ¢ e 4 s e s o« . s 32-35

Static Thrust Conditlons

In order to obtain vertical teke-off, 1t is necessary to satisfy
the conditions that the 11ft be greater than the welght and the net
longitudinal force.be equal to zero. One method of satisfying these
conditions would involve placement of the thrust axis in the vertical
plane, as was considered in reference 2. After taske-off, the thrust
axis then could be mechanically rotated into the horizontal plane to
convert to the cruising configurastion. Another approach to the préblem
is 1llustrated in reference 1, in which the propeller axis is always
essentially horizontal and the thrust is rotated to & near-vertical posi-
tion serodynasmicelly by turning the slipstream by means of four turning
vanes. The cascade configuration of reference 1 was designed only for
exploratory studies of hovering and vertical take-off and landing and
wes not intended to be a configuration that could easily be converted
for crulsing flight.

The present investigation was undertaeken to determine the extent to
vwhich the effective propeller-thrust vector can be rotated by the use of
large-chord flaps and to determine what other modifications (such as
auxiliary vanes) would be required with the propeller axis essentially
horizontal to rotate the thrust vector sufficiently to make vertical
teke-off possible. In general, it 1s not necessary to rotate the thrust
vector through a full 90° since, if a ground attitude at take-off were
15° to 20°, the wing configuration would be required to rotate the thrust

vector only T0° to 75°.

The angle through which the thrust vector has been rotated can
easily be deduced by plotting the data as indicated In figure 1. For
any particular flap setting, the 1lift is plotted against the longitudinal
force to represent the resultant-force wvector and indicate the angle 6
through which the thrust vector has been rotated. The ratio of the
resultant force to the thrust represents the effectiveness of the turning.
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Plain-flap configuration.- With plein flaps alone, the thrust vector
could be rotated upward as much as 45° and this rotation could be obtained
with a turning efficiency of 90 percent with flap deflections of 300
and 50° on the 60-percent-chord and 30-percent-chord flap, respectively
(fig. 9(e)). This rotation of the thrust vector fell far short of the
70° to 75° desired. for vertical teke-off. Higher flap deflections, in
general, resulted in decreases in both turning effectiveness and the
angle through which the thrust vector was rotated.

Two apparent eccentricities in the data of figure 9 are worthy of
discussion. TFigures 9(d) and 9(£) indicate that, with the flaps neutral,
the longitudinal force is greater than the thrust, so that the wing drag
is negative. This result can probebly be attributed to recovery by the
wing of some of the rotational energy in the slipstream. The rotation
in the slipstream causes a local positive angle of attack on one side of
the thrust axis and the 1lift vector associated with this local flow 1s
inclined forward. The negative 1ift vector associated with downflow on
the other side of the thrust axis is also inclined forward. Both vectors
produce a component of force in the negative drag direction.

The small turning sngle indicated in figure 9(f) with fleps retracted
is probably due to the upflow between the propellers, which produces a
1ift that is not fully counteracted by the downflow outside of the siip-
stream due to losses at the wing tip.

The effects of the number of propellers on the aserodynamic character-
istics of the wing with only the 30-percent-chord flap deflected are
i11lustreted in figure 10. For this configuration, the number of propellers
used is seen to have little effect on the turning effectiveness (fig. 10(f)).

Auxiliary-vane configuration.- In an sttempt to increase the angle
through which the thrust vector could be rotated, some exploratory tests
were conducted with auxilisry vanes. The confilguration presented in fig-
ure 5 was judged to be reasonsble on the basls of maximum turning angle
and the ratio of resultant force to thrust obtained. No attempt was made
to determine an optimum configuration from the standpoint of vane size.

For the configuration with the auxiliary vanes extended, for example,
vertical take-off could be achieved with a ground attitude of 23° and at
airplsne weights up to 95 percent of the propeller thrust (fig. 11(f)).

The use of only the inboard propeller materially reduced the angle
through which the thrust vector could be rotated (fig. 11)}. Figure 12
shows a summsry plot of the turning effectiveness of the wing with the
optimum combingitions of plain flaps and fleps with vanes.
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Tests With Forward Speed

Basic data.- The tests of the model with forward speed for the range
of thrust coefficients were made in the Langley 300 MPH 7~ by 10-foot
tunnel. The basic data for the various flap configurations with both
propellers operating are presented in figures 13 to 22 and with only the
inboard propeller operating, in figures 23 to 26. It should be kept in
mind that, for these dasta, the shaft thrust of the propellers was held
constant throughout the angle-of-attack range. Also, all the direct pro-
peller forces were included in these data. Results presented for config-
urations with zero flsp deflection (figs. 13 and 23) were obtained from
reference 2. The characteristics of the wing alone and the effects of
the nacelles on the aerodynemic cheracteristics are presented in ref-
erence 2. It should be remembered that the coeffitients are based on
the dynamic pressure in the slipstream as indicated by the double prime
used with the symbols.

Effect of flap deflection and thrust coefficient on 1ift character-
istics .- The application of power is seen to increase the angle of attack
for maximum 1ift and decrease the varistion of 1lift with angle of attack
above maximum 1ift. The variation of lift-curve slope with thrust coef-
ficient (fleps neutral) is discussed in reference 2. The variation of
1lift coefficient Eith flap deflection is presented in figure 27 and the

. oC
variation of 35: with thrust coefficient is presented in figure 28.

1"

3¢
The decresse in 3 L at the higher thrust coefficients 1s due to the
' Bp
decrease in the mass flow of air that the wing had availsble to deflect
at the lower speeds (high T.").

it

In an attempt to calculate the value of gSLL- through the thrust-
b¢p

coefficient range, the following analysis was found to be successful for
small flap deflections. The momentum theory of 1ift states that 1ift is
produced by imparting a downward velocity to the mass of air contained
in a stream tube of dlameter equal to the wing span. In the case of a
wing in the presence of & slipstream, the 1ift would be made up of two
parts -~ that due to deflecting the mass of air in the slipstream and
that due to deflecting the mess flow in the stream tube but external to
the slipstreans.

At zero thrust, the 1ift can be written as

Lp,"=0 = P ’L‘-b2v2 sin e
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At other values of T.",

Le" = p %(bzva sin €" - Na2V2 gin e") + Np ’EtD2<V + éz‘[)(v + AV)sin €"

where the first term represents the 1lift due to deflecting the mass of
air external to the propeller slipstreams and the second term represents
the 1ift due to deflecting the slipstreams themselves. For small angles

n
of downwash, sin €" = —£— and in coefficient form

573
(_B_CEZ) = (E) (L - T")
aﬁf Te" BSf Tc“=0

wvhere 4 1s the propeller slipstream diameter at the wing (ref. 2).

2.2 de" 2235 * ) o¢"

b - NA=V g€

u( e )+Np 2y + &)(1 + )2
b

o &
ll» an

In terms of the thrust coefficlent,

35/ n 8¢ To"=0 de /5 b2 b2 |_2(l - ")

.a_-c-L_"- _ _a_(i]:-!_ l—T >a€“/35f 1 - NDZI’_-I-Vl_Tc"

At T," =0,

&

Nim
Q
v

where Cpy; 1is the induced-drag coefficient given by

cL2

C =
D1 ™ A

For small angles, then,

2
C
- 2(57-5)%
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3
2(57.3)=%
de  _ 0bs
- — (5)
Ob¢ n

At T," = 1.0 and small flep deflections,

oe" _ 20
odp aaf

The variation of " with thrust coefficient can be derived if the
flow in the slipstreams and the flow external to the slipstreams mix
according to the strength of thelr velocity vectors as indicated in the

following sketch:

—————
Free-stream direction

In this sketch, € 18 the downwash angle if the propeller slipstreams
are not present (T." = 0) and 6 is the dowhwash angle of the slipstream
(Te" = 1). Then,

n _ (sin @)AV + (sin €)V

tan €
(cos 8)AV + (cos €)V
For small angles,
€ V+ AV V+ AV E

and, from equations (3) and (4),

éfj[é§£.= 1-T" + §3[§§£(1 - |/1 - Tc")

Be/asf
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The resulting expression for 1lift coefficient due to flap deflection
is

ac,” - ,. ..
_SL;.= aaf [i?_—__—' S%é%%g( JI_TTF—i} {E.- T, ].- .-) +

35¢

Np2 (1l + Jl - T." (6)

b° 2

For the 30-percent-chord-flsp configuration (fig. 9(e)),

39

-a-gz-f—=0.5

and substituting the value for aCL"/BSf from figure 27 at small deflec-
tions and To" = O into equation (5) gives

de _ 2
o7 0.28

Application of the foregoing anaslysis gives reasonably good agreement
with the experimentel date (fig. 28).

Effect of flap deflection on propeller characteristics.- The effect
of angle of attack on the aerodynamic characteristics of the isolated
propeller and of both propellers operating in the presence of the wing
has been discussed in reference 2. Consequently, only the effects of
flep deflection and angle of attack are presented herein. The effects
of these parameters on CNP" and Cmp" are presented in figures 29

and 30, respectively. As mentioned in reference 2, some difficulties
were experienced with the instrumentation for the inboard propeller that
resulted in excessive scatter and large shifts in the wind-off readings.
The scatter in the data of figures 29 snd 30 can be attributed to this
cause.

The normsl-force date show apprecisble scatter (fig. 29); however,
flap deflection appears to have no consistent effect on the normal-force
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coefficient. The propellers of the test model were located relatively
far ahead of the wing where the upwash due to the wing would be small.

The operation of the propeller in the presence of the wing is seen
almost to double the pitching moment of the propeller as compared with
that of the isolated propeller (fig. 30). Deflection of the flaps pro-
duces a further increase in the propeller pitching moment. These '
increases cannot be attributed to an increase in wing-induced upwash
at the propeller disk because an increase in upwash should produce corre-
sponding increases in propeller normal force. It is probable that these
increases in pitching moment are due to a change in the velocity through
the upper and lower portions (relative to the wing-chord plane) of the
propeller disk. An increase in velocity over the wing (upper part of the
propeller disk) would tend to decrease the thrust from the upper part of
the disk. Conversely, a decrease in velocity through the lower half of
the disk would increase the thrust of this part of the propeller, which
results in an increase in the nose-up pitching moment of the propeller
with increasing angle of attack and with increasing flep deflection.

The propeller pitching moment can be regarded as an effective dig-
placement of the thrust of the propeller axis. The effective location
of the thrust vector 1s presented in figure 31 and was determined from
the pitching-moment data of figure 30 by the following relationship:

r _ cmP“SE :
RT= 5
m " 1400

¢ 8

For the most extreme conditions the thrust vector is seen to move
downward more than one-fourth of the propeller radius.

Application of Results

Some performence calculations have been made for an assumed airplane
in order to illustrate the application of the data and to permit a more
thorough analysis of the results. A wing loading W/S of 40 pounds per
square foot and a drag coefficient of 0.0l for the fuselage and other
parts of the ailrplane not represented by the model were assumed. The
flight plan was assumed to start with the auxiliary vanes extended and
flaps deflected 5f50 = 20° and Brgo = 600) for vertical take-off at an

aifplane attitude of 23° (data of fig. 11). The airplane attitude was
then reduced to a lower angle, for example 5°, after which the vanes,
the 60-percent-chord flap, and the 30-percent-chord flap were retracted,
in that order.
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The thrust coefficient required for zero longitudinal force and the
1ift coefficient available for various flap configurations were determined
by cross-plotting the longitudinal force and 1lift coefficilents against
thrust coefficient as in figure 32. The forward velocities associated
with these conditions are calculated by the expression

The thrust coefficient required and lift coefficient availsble are
plotted against forward speed in figure 33. Unfortunately, the failure
of one of the blades in the outboard propeller terminated the test in
the tunnel before the tests of the auxiliary-vene configuration at the
intermediate thrust coefficients could be performed.

The performence of the present configuration, in which the propeller
thrust 1s used for vertical take-off by deflecting the slipstream down-
ward with the wing and vanes, is compared in figures 33 to 35 with the
performance of the configuration of reference 2 in which the entire wing
and propeller are rotated from vertical for take-off to horizontal for
cruising flight. The present configuration requires somewhat lower
thrust coefficients and lower thrust horsepower for level flight at low
forward speeds (figs. 33 and 34). The power required was calculated by
the method of reference 2. The power required for teke-off is somewhat
higher for the present configuration because of the losses assoclated
with turning the slipstream downward. These losses do not appear exces-
sive, however, and can probably be reduced in a more efficient design.
For either configuration, if a high-speed propellier efficiency of 0.85
and & static thrust efficiency of 0.65 is assumed, there will be suffi-
cient power availsble for take-off i1f the airplane is designed for a
speed of the order of 400 mph.

The pitching moments that would have to be balanced by some auxiliary
means are presented in figure 35, along with the corresponding effective
moment arm of the center of 1ift OCp'"/dC;". The diving moments assoclated

with the present configuration are appreciably lerger than the nose-up
moments for the configuration of reference 2. Also, at zero forward
speed, the present configuration has a large diving moment while the
pitching moment for the configuration of reference 2 would, of course,
be zero. Both are presented with reference to an assumed center of
gravity at the quarter chord of the mean aserodynamic chord.



18 NACA TN 3307

CONCLUSIONS

An investigation of a wing-propeller configuration employing large-
diameter propellers and large-chord plein flaps for low-speed flight and
vertical teke-off Indicates the following conclusilons:

1. Under static thrust conditions, the use of plain flaps alone
(60-percent-chord flap deflected 30° and the 30-percent-chord flap
deflected 50°) were effective in rotating the thrust vector upward only
about 45°.

2. The configuration with two auxiliary vanes in combination with
the plain flaps rotated the thrust vector upwerd 67°. With this con-
figuration, vertical take-off could be made with an initial attitude of
23° and at alrplene weights up to 95 percent of the thrust of the
propellers.

3. Tt is shown that the 1ift due to flap deflection and slipstream
can be calculated for the configurations tested for small flap deflections
if the 1ift due to flap deflection at zero thrust and the 1lift due to flap
deflection at zero forward speed are known.

4. Application of the results to a hypothetical esirplane having the
same ratioc of propeller-disk area to wing area as the model tested and
designed for & wing loading of 40 pounds per square foot and s speed of
400 miles per hour indicates that sufficlent power would be available
for this configuration to achleve vertical taeke-off. Also, st zero for-
ward speed, large diving moments are shown to be associated with this
configuration.

Langley Aeronautical Lsboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Va., August 26, 195h.
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1-82207

Figure 3.- Photograph of model installed in the test section of the
Lengley 300 MPH 7- by 10-foot tumnel. & = OP; Begy = 0% 8f5o = 30°.
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L-80958

Figure L.- Photograph of model installed on the static-thrust test stand
for single propeller test. a = 0°; 8f60 = 0% 5f30 = Q°.
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Figure 5.- Sketch of suxiliery-vane configuration. 1/8-inch sheet metal
venes. Both vanes 1dentical.
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Figure 8.- Sketch of typical vertical take-off for airplane equipped with
flaps and vanes to deflect the slipstream. Note progression of controls.
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Figure 26.- Effect of thrust coefficient on aerodynsmic characteristics
of model. Inboard propeller only. 830 = 300; gy = 0°.
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